Injection of [3Hjserotonin directly into the cell body of the giant metacerebral neuron (GCN), an identified serotonergic cell in the Aplysia cerebral ganglion, revealed a striking association of the labeled transmitter with large lysosomes. Most of the [3H] Recycled synaptic membrane, packaged in lysosomes, is thought to return to the perikaryon by retrograde axonal transport. Ultimately these worn constituents are incorporated into the lipofuscin granules, which are plentiful in many nerve cell bodies, both vertebrate and invertebrate (1, 2). Cytological and histochemical studies have provided convincing'evidence that these organelles are lysosomes that are approaching their last developmental stage, and are morphologically similar to terminal lysosomes (residual bodies) found in many other cell types. With age, the number of these bodies increases, as does their content of pigment, lipid, and other materials thought to derive from degraded cellular organelles and from exogenous constituents engulfed by the cell (3). In gastropod molluscs, somatic lysosomes are slightly larger than the lipofuscin granules of vertebrate neurons, reaching 10 gm in diameter (4-8). In pigmented Aplysia neurons they are characteristically situated in a juxtanuclear ring and contain the pigment originally used to classify neurons of the abdominal ganglion'into pigmented and white cells (9).
Aplysia cholinergic neuron. [3HJDopamine, [3Hlhistamine, and [3HJN-acetylgalactosamine injected into the serotonergic neuron were not localized in lysosomes. Because of this specificity, it may be possible to use lysosomal binding of labeled transmitter as a radioautographic method for identifying the transmitter type of a nerve cell body. These organelles are lysosomal in origin because they contain acid phosphatase activity. Moreover, examination of isolated GCN cell bodies by fluorescence microscopy revealed the presence of abundant autofluorescent yellow pigment characteristic of lipofuscin. We suggest that [3H]serotonin labels organelles containing membranes that once were integral components of the serotonergic vesicle. Lysosomes might accumulate the transmitter with a high degree of specificity because they contain membranes, perhaps recycled from the neuron's synaptic terminals, that retain their ability to concentrate and bind serotonin.
Recycled synaptic membrane, packaged in lysosomes, is thought to return to the perikaryon by retrograde axonal transport. Ultimately these worn constituents are incorporated into the lipofuscin granules, which are plentiful in many nerve cell bodies, both vertebrate and invertebrate (1, 2) . Cytological and histochemical studies have provided convincing'evidence that these organelles are lysosomes that are approaching their last developmental stage, and are morphologically similar to terminal lysosomes (residual bodies) found in many other cell types. With age, the number of these bodies increases, as does their content of pigment, lipid, and other materials thought to derive from degraded cellular organelles and from exogenous constituents engulfed by the cell (3) . In gastropod molluscs, somatic lysosomes are slightly larger than the lipofuscin granules of vertebrate neurons, reaching 10 gm in diameter (4) (5) (6) (7) (8) . In pigmented Aplysia neurons they are characteristically situated in a juxtanuclear ring and contain the pigment originally used to classify neurons of the abdominal ganglion'into pigmented and white cells (9) .
There have been previous indications that somatic lysosomes can retain the ability to carry out activities normally attributed to other cellular organelles. Attention has recently been drawn to Aplysia pigment granules because in some neurons they serve as an intracellular Ca2+ sink (a property assigned to mitochondria) and can release Ca2+ in response to light. Thus Henkart (10) 
RESULTS
Labeling of Lysosomes by [3HJSerotonin. Radioautographs revealed a dramatic association of silver grains with lysosomes in the cell body of the GCN 3 hr after injection of [3H]serotonin (Figs. 1 and 2A) . In light microscopic radioautographs from the 12 injected neurons examined we found radioactivity distributed chiefly in discrete patches that together appear to form a layer within the cytoplasm midway between the nuclear envelope and the plasmalemma (Fig. 2A) . In electron micrographs, it was obvious that silver grains were predominantly localized to lysosomes (Fig. 1 ). Grains were not evenly distributed over the body of the granule, but appeared to be preferentially associated with the organelle's perimeter. At 3 hr all of the grains represent [3H]serotonin: previous biochemical studies (24) have shown that degradation of the transmitter to its metabolite (probably serotonin-O-glucuronide) occurs within the first hr after injection; the metabolite is rapidly lost from the cell and would not contribute to the radioautographic labeling.
We have observed labeling of lysosomes in all six of the specimens examined by electron microscopic radioautography. In one specimen we determined the distribution of silver grains quantitatively (Table 1) . Radioactive transmitter was confined to the cell body of the injected neuron: no grains fell over surrounding glia and connective tissue. In addition to lysosomes, only compound vesicles (see Fig. 1 ) were significantly labeled. Evidence has been presented that this organelle, which is a The distribution of silver grains on a series of radioautographs enlarged X29,700, representing a segment of GCN's cell body extending from nucleus to plasma membrane, was analyzed quantitatively (25) as described (8, 19) . In this analysis, in addition to measuring grain distribution, we also estimated the proportion of the area occupied by various organelles. The circles used for scoring grains and for estimating effective area had radii corresponding to 1.5 half-distances (distance from a radioactive line within which half of the developed grains will fall); for the conditions used, Salpeter et al. (26) 
DISCUSSION
Differentiation of a neuron with regard to transmitter type involves selective production not only of specific biosynthetic enzymes but also of a set of membrane-associated activities needed for packaging, release, and reuptake of the transmitter substance (30) . These macromolecular components-synaptic vesicles and their precursors-are formed and assembled in the perikaryon, but function primarily at synaptic terminals, to which they are moved by fast axonal transport. Transport also occurs in the retrograde direction, returning wornout constituents to the cell body for either degradation or restoration. Only in the past few years has retrograde transport been shown to play an important role in the life cycle of vesicle and synaptic membranes (1, 31) . Recycling and return of membrane is mediated by lysosomes and it is likely that old membrane is ultimately deposited in residual bodies within the perikaryon. We now propose that somatic lysosomes in a serotonergic neuron accumulate [3H]serotonin with a high degree of specificity because they contain membranes that once were components of serotonergic vesicles. These membranes, recycled from the neuron's synaptic terminals, would retain their ability to sequester serotonin, presumably as a vestige of a process that normally operates to concentrate the transmitter into vesicles.
Smith and Farquhar (32) Alternatively, Parkinsonism may be a disease affecting primarily the vesicle membrane component responsible for taking up transmitter: a diminished capacity for uptake would also result in decreased sequestration of dopamine in lysosomes.
